Predator odors induce unconditioned fear in the young animal and provide the opportunity to study the mechanisms underlying unlearned and learned fear. In the current study, cat odor produced unlearned, innate fear in infant (postnatal age 14; PN14) and juvenile (PN26) rats, but contextual fear learning occurred only in juveniles. It was hypothesized that contextual fear learning in juveniles is mediated by norepinephrine. Consistent with this hypothesis, pre-training injection of the b-adrenergic antagonist propranolol reduced the unlearned fear response while post-training injection inhibited contextual fear learning in juvenile rats exposed to cat odor. We suggest that NE mediates the formation of contextual fear memories by activation of the transcription factor CREB in the hippocampus in juveniles but not in infants. Levels of phosphorylated CREB (pCREB) were increased in the dorsal and ventral hippocampi of juvenile rats exposed to cat odor. These levels were not increased in infants or juveniles exposed to a control odor. Further, propranolol blocked these increases in pCREB. In conclusion, although innate fear occurs within the neonatal period, contextual fear learning is a relatively late-occurring event, is hippocampal dependent, and mediated by norepinephrine.
Introduction
Contextual fear conditioning is adaptive under natural conditions. Animals that remember specific locations in which predator odors were encountered could increase their survival and subsequent fitness by treating those areas with caution in the future. Indeed, live cat and natural cat fur or skin odors have been found to be strong unconditioned stimuli for contextual fear conditioning in adult rats -altering their behaviors in the conditioned context for long periods of time (Blanchard & Blanchard, 1989; Blanchard, Yang, Li, Gervacio, & Blanchard, 2001 ). However, fear conditioning in early life differs from fear learning in adulthood as animals fail to form shock-induced contextual fear memories until postnatal day 23 (PN23) (Rudy & Morledge, 1994) . It is not clear at what age young animals form contextual fear memories of predator odor. In their life history, young rats become more mobile after weaning and begin to venture from the natal burrow (Barnett, 1958; Bolles & Woods, 1964) . Contextual learning ability may be critical to their survival since the location where a threat was encountered is a reliable predictor for future threat. In contrast, the infant rat is typically confined to the nest with minimal locomotor activity (Nowak, 1999) . Therefore, the infant is under little selection pressure to learn about the context. Consequently, brain circuits may not be mature at this age. In one of the few experiments using young rats (PN18, 26, and 38), a cat-rubbed or odorless cloth-covered block was placed in the experimental chamber during training and animals were returned to the context containing the odorless cloth-covered block during testing (Hubbard et al., 2004) . This experiment showed that rats as young as PN26 could learn from predator odor cues but it remained unclear if this learning was contextual or cued as the block likely was a cue.
Several neurotransmitter systems have been implicated in fear learning (Davies et al., 2004 ) (for review, see Benarroch, 2009). In rats, the central release of norepinephrine (NE) and its subsequent effect on b-adrenergic receptors within the brain plays a critical role in unlearned and conditioned fear (Do Monte, Canteras, Fernandes, Assreuy, & Carobrez, 2008) and selectively modulates contextual memories (Murchison et al., 2004; Wilson, Best, & Sullivan, 2004) . Two areas, the amygdala and the hippocampus, are necessary for contextual fear conditioning in adult animals (LeDoux, 2000) . When an animal is faced with a severe threat, like a predator, NE is released from the locus coeruleus (LC) and increases general neuronal excitability (Joels, Krugers, & Karst, 2007) . As the animal focuses attention on gathering sensory information about the stimulus and context (Berridge & Waterhouse, 2003; Takahashi, Chan, & Pilar, 2008) , NE may be involved in
